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BASIC-ABSTRACT: 

NOVELTY - Tungsten group electroconductive film is etched using gas having CI and 
02 so that film thickness is higher than gap between resist films (18a, 18b) 
Tungsten film between resist films is removed by applying gas containing I, CI, O 
using films (18a, 18b) as mask. Polysilicon patterns are formed by dry etching of 
polysilicon layer (14) selectively using gas with Br/I and 02 using conductive filr 
as mask. 

USE - Dry etching of tungsten group laminate during wiring formation. 

ADVANTAGE - Improves manufacturing yield by minimizing the damage of film during 
etching. ' 3 

DESCRIPTION OF DRAWING (S) - The figure shows section of substrate under etching 
process. 3 

Polysilicon layer 14 

Resist films 18a, 18b 
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(54) DRY ETCHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure anistropic shape 
and lessen etching damages in laminating W-based 
conductive layers (W. WSi2, etc.), on a poly-Si layer. 
SOLUTION: After laminating a poly-Si layer 14 and a 
WSi2 layer on an insulation film 12, resist layers 18a, 18b 
are formed on the WSi2 layer with a large gap, and resist 
layers 18b-18d are formed thereon with small gaps. 
After etching the WSi2 layer with a plasma of CI2/02 
gas, by having it overetched to remove WSi2 layers 16e, 
16f with a plasma of HBr/CI2/02 gas while reaction 
products suppress side etching, WSi2 layers 16a-16d 
corresponding to the layers 18a-18d are thereby 
obtained. The layer 14 is selectively etched with a 
plasma of HBr/CI2/02 gas. while reaction products 
suppress side etching. The method is also applicable to 
single layers of W-based conductive materials. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation . 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. & 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the laminating which put the tungsten system electric conduction 
material layer for the substrate on the polish recon layer on the wrap insulator layer, The process which 
two or more resist layers are made to approach mutually, and forms them on said tungsten system 
electric conduction material layer, By the dry etching which makes etching gas the mixed gas of 
chlorine content gas and oxygen gas, and uses said two or more resist layers as a mask The process 
which etches said tungsten system electric conduction material layer so that the thickness may become 
the value of zero or its near in a resist non-existence region larger than spacing between said two or 
more resist layers, Bromine content gas by the dry etching which makes etching gas the mixed gas of 
iodine content gas, chlorine content gas, and oxygen gas, and uses said two or more resist layers as a 
mask The process which forms two or more tungsten system electric conduction material layers which 
have a pattern corresponding to said two or more resist layers, respectively by removing the tungsten 
system electric conduction material between said two or more resist layers, controlling side etching of 
said tungsten system electric conduction material layer with a resultant, By the dry etching which makes 
etching gas the mixed gas which contains bromine content gas or iodine content gas, and oxygen gas at 
least, and uses said two or more resist layers and said two or more tungsten system electric conduction 
material layers as a mask The dry etching approach including the process which forms two or more 
polish recon layers which have a pattern corresponding to said two or more resist layers b V removing 
said polish recon layer alternatively, respectively. 

[Claim 2] The process which forms a tungsten system electric conduction material layer for a substrate 
on a wrap insulator layer, The process which two or more resist layers are made to approach mutually 
and lorms them on said tungsten system electric conduction material layer, By the dry etching which ' 
makes etching gas the mixed gas of chlorine content gas and oxygen gas, and uses said two or more 
resist ayers as a mask The process which etches said tungsten system electric conduction material layer 
so that the thickness may become the value of zero or its near in a resist non-existence region larger than 
spacing between said two or more resist layers, By the dry etching which makes etching gas the mixed 
gas ot bromine content gas or iodine content gas, chlorine content gas, and oxygen gas, and uses said 
two or more resist layers as a mask By removing the tungsten system electric conduction material 
between said two or more resist layers, controlling side etching of said tungsten system electric 
conduction material layer with a resultant The dry etching approach including the process which forms 
two or more tungsten system electric conduction material layers which have a pattern corresponding to 
said two or more resist layers, respectively. ' 



[Translation done] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the approach of carrying out dry etching of the 
laminating which put W system electric conduction material layers, such as W (tungsten) and WSi2 
(tungsten sihcide), on the Pori Si (silicon) layer, or the monolayer of W system electric conduction 
material. By the dry etching which makes etching gas especially the mixed gas of CI (chlorine) content 
gas and 02 (oxygen) gas After carrying out just etching of the W system electric conduction material 
layer, reservation of an anisotropy configuration and mitigation of an etching damage are enabled by 
adding Br (bromine) content gas or I (iodine) content gas to this mixed gas, and performing over 
etching. r & 

[0002] 

[Description of the Prior Art] Conventionally, as a wiring forming method using the laminating (W 
polycide layer) which put WSi two-layer on the Pori Si layer, the approach as shown in drawing 11 -13 
is learned (for example, refer to JP,7-94469,A). 

[0003] WSi [ after carrying out deposition formation of the Pori Si layer 3 and WSi two-layer 4 for the 
front face of a silicon substrate 1 one by one on wrap gate oxide 2 at the process of drawing 11 ] two- 
layer - the resist layers 5a-5d are formed by phot lithography processing on 4. The resist layers 5a and 
5b are arranged at big spacing in non-dense pattern space a, and arrange the resist layers 5b-5d at small 
spacing in dense pattern space b. 

[0004] At the process of drawing 12 , just etching is carried out so that thickness may become the value 
of zero or its near in non-dense pattern space a about the Pori Si layer 3 and the laminating of WSi two- 
layer 4 by plasma etching which uses F (fluorine) content gas (for example, S2F6 gas). Consequently 
WSi two-layer 4a-4d which has a pattern corresponding to the resist layers 5a-5d, respectively remains 
Moreover, in dense pattern space b, since an etch rate falls according to the so-called RIElag 
phenomenon (or micro loading effect), compared with etched section 3e of the Pori Si layer 3 in non- 
dense pattern space a, 3f of etched sections of the Pori Si layer 3 remains thickly. 
[0005] At the process of drawing 13 , plasma etching which uses the mixed gas of Br content gas (for 
example HBr gas) and 02 gas performs over etching, and the etched sections in the Pori Si layer 3 such 
as 3e and 3f, are removed. Plasma etching using the mixed gas of Br system gas, such as HBr and 02 
gas has the high selectivity of the Pori Si layer 3 to gate oxide 2. The Pori Si layers 3a-3d which have a 
pattern corresponding to the resist layers 5a-5d as a result of over etching, respectively remain Since the 
resultant adhering to a pattern side attachment wall controls side etching of WSi two-layer 4a-4d and the 
Pori Si layers 3a-3d at the time of over etching, an anisotropy configuration can be given to laminating* 
such as 4a / 3a and 4b / 3b and 4c / 4d [ 3c and ]/3d. After over etching removes the resist layers 5a-5d ' 
Laminatings, such as 4a/3a, are used as a gate electrode thru/or a wiring layer 
[0006] Conventionally, as a wiring forming method using W layers, the approach as shown in drawing 
J4 -16 is proposed. * 
[0007] At the process of drawing 14 , 8 [ W-layer ] is formed for the front face of the semi-conductor 
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substrates 6, such as silicon, on the insulator layers 7, such as wrap silicon oxide. And W layers on 8 
the resist layers 9a and 9b are made to approach mutually, and are formed. 
[0008] At the process of drawing 15 , just etching is carried out so that W layers of thickness may 
become the value of zero or its near about 8 by plasma etching which uses SF6 as F content gas in a 
resist non-existence region larger than spacing between resist layer 9a and 9b. Consequently while W 
ayer 8a corresponding to the resist layers 9a and 9b and 8b remain, respectively, between 8a and 8b W 
layers thin W layer 8c remains according to a RIElag phenomenon. 

[0009] It continues at the process of drawing 15 , the same plasma etching as the process of drawing 15 
performs over etching, W layer 8c is removed, and W layers 8a and 8b are made to remain at the process 
la yer*™" 8 ' feS1St 9 * ^ % removed W layers 8a and 8b are used as a wirin § 

[0010] In order to perform anisotropic etching, in drawing 15 and the plasma-etching process by SF6 of 
16, it is necessary to make high energy of the ion which carries out incidence to a substrate or to make 
temperature of a substrate low. Moreover, the method of controlling side etching with a resultant and 
securing an anisotropy configuration is also proposed. For example, controlling side etching by WN 
which is a resultant is shown to JP,7-147271,A by by etching W layers into SF6 with the plasma of the 
gas which added N2 and NH3. The approach of etching W layers also into JP 10-326774 A with the 
plasma of the gas which added CHF3 and N2 in SF6 is shown. The bottom of W layers is covered with 
the him of Ti or Ti compound, and controlling side etching by the titanium fluoride of low vapor 
pressure generated at the reaction of F and Ti which are etching active species is shown in JP 7- 
169744. A. 



169744, A. 
[0011] 



[Problem(s) to be Solved by the Invention] According to the approach of drawing 11 -13 it is easy to 
produce an etching damage on a substrate. That is, at the over etching process of drawing 13 although 
the selection ratio of the Pori Si layer 3 to gate oxide 2 is high as mentioned above, since it etches with 
the plasma of fluorine system gas, the selection ratio of the Pori Si layer 3 to gate oxide 2 is low and 
gate oxide 2 may be etched by the just-etching process of drawing 12 . Before the thickness of the Pori 
Jji layer 3 becomes zero, it is necessary to make production control severe, in order to prevent this so 
that just etching may be stopped. Moreover, since the gate section containing gate dielectric film 2 is 
exposed to the plasma at the time of just etching of drawing 12 , and the over etching of drawing 13 it 
tends to receive the damage by the ion bombardment. ' 
[0012] On the other hand, since it etches with the plasma of fluorine system gas according to the 
approach of drawing 14 -16, the selection ratio of W to the silicon oxide which constitutes an insulator 
layer 7 is low, and as shown in drawing 16 , W layers of insulator layers 7 are etched in the side of 8a 
and 8b in the case of over etching. For this reason, there is un-arranging [ to which a wiring level 
difference becomes large ]. 5 
[0013] The purpose of this invention is to offer the new dry etching approach which can mitigate an 
etching damage, securing an anisotropy configuration 
[0014] 

[Means for Solving the Problem] The 1st dry etching approach concerning this invention The process 
which torms the laminating which put the tungsten system electric conduction material layer for the 
substrate on the polish recon layer on the wrap insulator layer, The process which two or more resist 
layers are made to approach mutually, and forms them on said tungsten system electric conduction 
material layer, By the dry etching which makes etching gas the mixed gas of chlorine content gas and 
oxygen gas, and uses said two or more resist layers as a mask The process which etches said tungsten 
system electric conduction material layer so that the thickness may become the value of zero or its near 
in a resist non-existence region larger than spacing between said two or more resist layers By the drv 
etching which makes etching gas the mixed gas which contains bromine content gas or iodine content 
gas, and oxygen gas at least, and uses said two or more resist layers as a mask The process which forms 
two or more tungsten system electric conduction material layers which have a pattern corresponding to 
said two or more resist layers, respectively by removing the tungsten system electric conduction material 
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between said two or more resist layers, controlling side etching of said tungsten system electric 
conduction material layer with a resultant, By the dry etching which makes etching gas the mixed gas of 
bromine content gas or iodine content gas, chlorine content gas, and oxygen gas, and uses said two or 
more resist layers and said two or more tungsten system electric conduction material layers as a mask 
The process which forms two or more polish recon layers which have a pattern corresponding to said 
two or more resist layers, respectively is included by removing said polish recon layer alternatively 
[0015] According to the 1st dry etching approach, after carrying out just etching of the W system 
electric conduction material layer of W and WSi2 grade by the dry etching which makes etching gas the 
mixed gas of the chlorine content gas of C12 grade, and 02 gas, bromine content gas (or iodine content 
gas), such as HBr, is added to this mixed gas, over etching of W system electric conduction material is 
performed, and dry etching of the Pori Si monolayer is performed after this. In over etching by setting 
up the flow rate rate of 02 gas highly, the selection ratio of W system electric conduction material to 
Pori Si can be made high, and it becomes possible to remove W system electric conduction material 
alternatively. Moreover, it can etch in over etching, securing an anisotropy configuration about W 
system electric conduction material by setting the flow rate rate of bromine content gas (or iodine 
content gas) as a predetermined value. Furthermore, since just etching and over etching are performed in 
the condition that the Pon Si layer exists on the insulator layer as substrate film, the substrate film 
(insulator layer) is etched, or they are not exposed to an ion bombardment, and become mitigable r an 
etching damage ]. L 
[0016] The process at which the 2nd etching approach concerning this invention forms a tungsten 
system electric conduction material layer for a substrate on a wrap insulator layer, The process which 
two or more resist layers are made to approach mutually, and forms them on said tungsten system 
electric conduction material layer, By the dry etching which makes etching gas the mixed gas of 
chlorine content gas and oxygen gas, and uses said two or more resist layers as a mask The process 
which etches said tungsten system electric conduction material layer so that the thickness may become 
the value of zero or its near in a resist non-existence region larger than spacing between said two or 
more resist layers, By the dry etching which makes etching gas the mixed gas of bromine content gas or 
iodine content gas, chlorine content gas, and oxygen gas, and uses said two or more resist layers as a 
mask By removing the tungsten system electric conduction material between said two or more resist 
layers, controlling side etching of said tungsten system electric conduction material layer with a 
resultant The process which forms two or more tungsten system electric conduction material layers 
which have a pattern corresponding to said two or more resist layers, respectively is included 
[0017] According to the 2nd dry etching approach, after carrying out just etching of the W system 
electric conduction material layer of W and WSi2 grade by the dry etching which makes etching gas the 
mixed gas of the chlorine content gas of C12 grade, and 02 gas, bromine content gas (or iodine content 
gas), such as HBr, is added to this mixed gas, and over etching of W system electric conduction material 
is performed. Also in any of just etching and over etching, since the mixed gas of chlorine content gas 
and 02 gas is used as etching gas, the selection ratio to the silicon oxide which constitutes the insulator 
layer as substrate film can improve, and etching of the substrate film (insulator layer) can be controlled 
Moreover, in over etching, since side etching of W system electric conduction material is controlled by 
addition of bromine content gas (or iodine content gas), a good anisotropy configuration can be 
acquired. 
[0018] 

[Embodiment of the Invention] Drawing 1 -3 show the wiring forming method concerning 1 operation 
gestalt of this invention. ~ r 

[0019] At the process of drawing 1 , the gate dielectric film 12 which consists of silicon oxide by the 
oxidizing [ thermally ] method etc. is formed in the front face of the semi-conductor substrates 10 such 
as sdicon. a gate-dielectric-film 12 top - CVD (chemical vapor deposition) - deposition, formation of 
the Fori 5,1 layer 14 and WSi two-layer 16 is carried out one by one by law etc. The Pori Si layer 14 and 
WSi two-layer 16 are for forming a gate electrode thru/or a wiring layer, and the Pori Si layer 14 is 
formed into low resistance by doping of a conductivity-type decision impurity 
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[0020] On WSi two-layer 16, the resist layers 18a-18d are formed according to desired gate electrode 
and circuit pattern by well-known phot lithography processing. The resist layers 18a and 18b are 
arranged at big spacing in non-dense pattern space A, and arrange the resist layers 18b-18d at small 
spacing in dense pattern space B . 

[0021] plasma etching which uses the mixed gas (C12/02 gas) of C12 gas and 02 gas at the process of 
drawmg2 - WSi two-layer - just etching of 1 6 is carried out so that thickness may become the value of 
zero or its near in non-dense pattern space A. Etching at this time was performed using the ECR 
(electron cyclotron resonance) mold plasma etching system of drawing 4 as an example and etching 
conditions were set to pressure: lmTorr microwave power: 1000W high-frequency powe'r50W quantitv- 
of-gas-flow:C12/O2=50/10sccm. 4 y 

[0022] WSi two-layer 16a-16d which has a pattern corresponding to the resist layers 18a-18b as a result 
or just etching, respectively remains. Moreover, in dense pattern space B, since an etch rate falls 
according to a RIElag phenomenon, while WSi two-layer 16e and comparatively thin 16f are between 
WSi two-layer 16b and 16c and WSi two-layer 16c, and 16d, it remains, respectively 
[0023] Then, plasma etching using HBr/C12/02 gas which added HBr gas in C12/02 gas performs over 
etching, and WSi two-layer 16e and 16f are removed. Etching at this time was performed using the 
etching system of drawing 4 as an example, and etching conditions were set to pressure- lmTorr 
microwave power: 1 000W high-frequency power: 50W quantity-of-gas- 
flow:HBr/C12/O2=8.5/21.5/20sccm. 

[0024] In over etching, 02 flow-rate rate was made high for making high the selection ratio of WSi2 to 
Pon i Si, and making easy WSi two-layer removal of 16e, 16f, etc. Thus, in C12 / 02 etching process that 
02 flow-rate rate is high, W is set to WOC14 with high vapor pressure, a WSi two-layer 16a-16d side 
attachment wall is etched (side etching), and a WSi two-layer 16a-16d anisotropy configuration is 
spoiled So, it etches at the time of over etching, controlling side etching, adding HBr in C12/02 gas 
making low WOBr4 and low WBr5 of vapor pressure generate, and forming a protective coat in a WSi 
two-layer 16a-16d side attachment wall. Consequently, a WSi two-layer 16a-16d anisotropy 
configuration is secured. Moreover, since just etching and over etching are performed in the condition 
that the Pon Si layer 14 exists on gate dielectric film 12, gate dielectric film 12 is etched or it is not 
exposed to an ion bombardment, and an etching damage is mitigated 

f^f^nX 00688 ^ * kMd! f 1 ' ^ r° ri Si layef M is datively etched by plasma etching which 
uses HBr/C12/02 gas by using the resist layers 18a-18d and WSi two-layer 16a-16d as a mask This 
etching was performed using the etching system of drawing 4 as an example, and etching conditions 
r re ^ t ?J? r ? SUre:2mT0rT microwave powenlOOOW high-frequency power:35W quantity -of-gas- 
flow:HBr/C12/O2=100/5/5sccm. As other examples of etching conditions, what does not use the 
chlorine content gas of C12 grade is possible, and it can be referred to as microwave power800-1500W 
andquantity-of-gas-flow:HBr/O2=100/5sccm. 

[0026] The Pori Si layers 14a-14d which have a pattern corresponding to the resist layers 18a-18d as a 
result of the selective etching of the Pori Si layer 14, respectively remain. At the time of Pori Si etching 
since resultants, such as SiOx and SiBrx, control side etching of WSi two-layer 16a-16d and the Pori Si 
iT FS 1 T}\ iV a J 8 r° 0d amsotr °Py configuration can be given to laminatings, such as 16a / 14a and 16b / 
14b and 16c 1 16d [ 14c and ]/14d. Compared with WSi2, Pori Si has little RIElag and it tends to etch it 
After Pon Si etching removes the resist layers 18a-18d by well-known ashing processing WSi2/Pori Si 
laminatings, such as 16a/14a, are used as a gate electrode thru/or a wiring layer 
[0027] The artificer conducted various experiments on the high point which can be set up using the 
etching system of drawing 4 paying attention to the selection ratio of WSi [ on etching of WSi2 / Pori Si 
nnoo at S. 8 ™ P ol y cide la y er )> and as opposed to Pori Si in plasma etching which uses C12/02 gas 12 
[0028] The processing room 20 consists of plasma room 22a and reaction chamber 22b in the equipment 
of drawing 4 . The sample base (electrode) 24 is established in the pars basilaris ossis occipitalis of 
!Sn? 22b ' and the P rocessed wafer 26 is laid in the top face of the sample base 24 
[0029] RF generator 28 is connected to the sample base 24, for example, the high-frequency power 
which is 13.56MHz is supplied to it. Reaction chamber 22b is connected to Exhauster VAC while 
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connecting with the source of gas supply which is not illustrated. 

[0030] The 2.45GHz microwave MW is supplied to the upper part of plasma room 22a through the 
microwave installation aperture 30 from the microwave power source which is not illustrated An 
aperture 30 usually consists of quartzes. The solenoid coil 32 is formed so that the upper part of the 
processing room 20 may be surrounded. 

[003 1] Etching of WSi2 and Pori Si is performed with the plasma of C12/02 gas using the etching 
system of drawing 4 , and the result of having investigated 02 flow-rate rate dependency of WSi! / Pori 
Si selection ratio is shown in drawing 5 The 1 st sample group containing nine samples which carried 
out deposition formation of the WSi two-layer through the silicon oxide film on the silicon substrate 
and the 2nd sample group containing nine samples which carried out deposition formation of the Pori Si 
layer through the silicon oxide film on the silicon substrate were used for the experiment. The diameter 
of each silicon substrate was set to 200mm. It etched by inserting each sample as a processed wafer 26 
into the etching system of drawing 4 . Etching conditions were set to pressure: lmTorr microwave 
power: 1400W high-frequency power:50W quantity-of-gas-flow:C12+O2=50sccm 
[0032] About nine samples in the 1st sample group, 02 flow-rate rate was changed like 0, 10 20 22 24 
26 28, and 30 or 40%, and it asked for the etch rate of WSi2 for every sample. Line P shows'the result ' 
in drawing 5 . Moreover, about nine samples in the 2nd sample group, 02 flow-rate rate was changed 
like the case of the 1st sample group, and it asked for the etch rate of Pori Si for every sample Line O 
shows the result in drawing 5 

[0033] WSi2 / Pori Si selection ratio was computed by asking for the ratio of the etch rate of the etch 
rate / Pori Si of WSi2 for every sample with same 02 flow-rate rate by the 1st sample group and the 2nd 
sample group. Line R shows the result in drawing 5 . 

[0034] If the flow rate rate of 02 is made 30% or more according to the experimental result of drawing 
+ ' u- I T lt becomes ^ P rocess conditions into which only WSi2 is etched mostly In the over 
etching of drawing 2 , since the flow rate rate of 02 was made into 40%, WSi two-layer which remained 
to the narrow tooth space, such as 16e and 16f, is efficiently removable. Consequently, the pattern 
dependency of an etch rate based on the RIElag phenomenon of WSi2 is cancellable 
[0035] Drawing 6 shows the result of having investigated the HBr flow rate rate dependency of the 
amount of WSi2 side etching in plasma etching which uses HBr/C12/02 gas. Four samples which 
formed the WSi2/Pon Si laminating (W polycide layer) through the silicon oxide film on the silicon 
substrate with a diameter of 200mm were used for the experiment. As shown in dense pattern space B of 
dnmmgl , according to Rhine / tooth-space =1.0 / 0.6-micrometer pattern, many resist layers were 
installed in each sample side by side. Thus, it etched by inserting each sample which prepared the resist 
layer as a processed wafer 26 into the etching system of drawing 4 . Etching conditions were set to 
pressure. lmTorr microwave power: 1400W high-frequency power:50W quantity-of-gas- 

r : P?twr/l° SCC ? ^ O2=20sccm - Here > the 02 fl ow-rate percentage is 40% which becomes 
infinite [ WSi2 / Pori Si selection ratio ] by drawing 1 . 

[0036] About four samples, HBr was changed like 0, 10, and 20 or 30% among C12+HBr(s) and the 
amount S of side etching of WSi2 (micrometer) was calculated for every sample. The amount S of side 
etching can be calculated as width of face Wbot measured on the width-of-face Wtop-base measured by 
S- top face so thatit might illustrate about WSi two-layer 16a to drawing 7 . S< 0 expresses a forward 
respectivefy 6 md S> ° ex P resses a side etch configuration (back taper configuration), 

[ ^ 7] A^°f n8 10 the ex P erimental result of drawing 6 , it turns out that side etching serves as zero at 
17/o of HBr flow rate rates, and a perpendicular anisotropic etching configuration is acquired However 
by Rhine / tooth-space pattern, if it is made the conditions of 17% of HBr flow rate rates although a ' 
perpendicular configuration is acquired, since a lot of resultants adhere to a side attachment wall it will 
become a forward tapered shape configuration in isolated Rhine 

mpfriwm 6 Pr0C6SS ° f since k was made to P erfo ™ J«st etching by plasma etching which 

uses C12/02 gas, generating of the forward tapered shape configuration in isolated Rhine which 
happened in HBr/C12/02 process can be prevented. Keeping high the selection ratio of WSi2 to Pori Si, 
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since it was made to perform over etching of WSi2 using HBr/C12 / 02 gas plasma-etching process of 
high 02 flow rate, etching removal only of WSi2 which remained to the narrow tooth space can be 
earned out, and, moreover, the addition effectiveness of HBr can protect side etching of WSi2. 
[0039] Drawing 8 -10 show the wiring forming method concerning other operation gestalten of this 
invention. 

[0040] At the process of drawing 8 , 44 [ W-layer ] is formed for the front face of the semi-conductor 
substrates 40, such as silicon, by a spatter etc. on the insulator layers 42, such as wrap silicon oxide And 
on 44, according to a desired circuit pattern, the resist layers 46a and 46b are made to approach 
mutually, and are formed W layers. 

[0041] At the process of drawing 9 , just etching is carried out so that W layers of thickness may become 
the value of zero or its near about 44 by plasma etching which uses C12/02 gas in a resist non-existence 
region larger than spacing of the resist layers 46a and 46b. Etching at this time can be performed on the 
same conditions as just etching stated by drawing 2 . While W layer 44a corresponding to the resist 
layers 46a and 46b and 44b are obtained as a result of just etching, respectively, between 44a and 44b 
W layers thin W layer 44c remains according to a RIElag phenomenon. 

[0042] Plasma etching using HBr/C12/02 gas which added HBr in C12/02 gas performs over etching W 
layer 44c is removed, and W layers 44a and 44b are made to remain at the process of drawing 10 
Etching at this time can be performed on the same conditions as the over etching stated by drawing 2 
After over etching removes the resist layers 46a and 46b by ashing processing etc. W layers 44a and 44b 
are used as a wiring layer. 

[0043] In drawing 9 and etching processing of 1.0, since C12/02 gas is used as etching gas, the selection 
ratio of W to the silicon oxide which constitutes an insulator layer 42 improves. Therefore increase of 
film decrease of an insulator layer 42 or a wiring level difference can be prevented. Moreo'ver in the 
over etching of drawing 10 , since W layers of side etching of 44a and 44b are controlled by addition of 
HBr, configuration degradation (back taper configuration etc.) of W layers can be prevented 
[0044] As for the wiring forming method described above about drawing 8 -10, the W layers of the 
operation effectiveness same with having used WSi two-layer, having carried out and having described 
above are acquired instead of 44. 

[0045] This invention is not limited to the above-mentioned operation gestalt, and can be carried out 
with various alteration gestalten. For example, the following modification is possible 
[0046] (1) As a W system electric conduction material layer, W and not only WSi2 but W alloy may be 
used As tungsten silicide, not only a stoichiometry-thing but a nonstoichiometric thing may be used like 
WSi2, and, generally it is usable in WSix. 

[0047] (2) As bromine content gas, not only HBr but Br2, BBr3, CBr4, and SiBr4 grade may be used 
What is necessary is just to set up the addition of the gas of Br2 grade so that it may become the case of 
HBr which the amount of Br atom which exists in the plasma showed with said operation gestalt and an 
EQC. Moreover, the iodine content gas of HI, 12, BI3, CI4, and SiI4 grade may be used instead of 
bromine content gas. About gas, such as HBr or HI, or 02 gas, the optimum value of an addition is that 
(tor example, it is dependent on the membrane formation approach, the processing conditions after 
membrane formation, membrane formation equipment, etc.) depending on the membraneous quality of 
the etched film, and adjusting for every etched film is desirable. 

[0048] (3) When carrying out dry etching of the W system electric conduction material layer 
antireflection films, such as TiN and TiON, may be beforehand prepared on W system electric 
conduction material layer. Moreover, WN layer etc. may be made to intervene between W system 
electric conduction material layer and the Pori Si layer 
[0049] 

[Effect of the Invention] As mentioned above, since according to this invention bromine content gas (or 
iodine content gas) is added to this mixed gas, over etching of W system electric conduction material is 
performed and it was made to perform dry etching of the Pori Si monolayer after this after carrying out 
just etching of the W system electric conduction material layer by the dry etching which makes etching 
gas the mixed gas of chlorine-based gas and oxygen gas, an etching damage can be mitigated securing 
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an anisotropy configuration and the effectiveness that the yield improves is acquired 
[0050] Moreover, since bromine content gas (or iodine content gas) is added to this mixed gas and it was 
made to perform over etching of W system electric conduction material after carrying out just etching of 
the W system electric conduction material layer by the dry etching which makes etching gas the mixed 
gas of chlorine content gas and oxygen gas, etching of a substrate insulator layer can be controlled 
securing an anisotropy configuration, and the effectiveness that the yield improves is acquired 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ° 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to the approach of carrying out dry etching of the 
laminating which put W system electric conduction material layers, such as W (tungsten) and WSi2 
(tungsten sihcide), on the Pori Si (silicon) layer, or the monolayer of W system electric conduction 
matenaL By the dry etching which makes etching gas especially the mixed gas of CI (chlorine) content 
gas and 02 (oxygen) gas After carrying out just etching of the W system electric conduction material 
layer, reservation of an amsotropy configuration and mitigation of an etching damage are enabled by 
adding Br (bromine) content gas or I (iodine) content gas to this mixed gas, and performing over 
cicnin^. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, as a wiring forming method using the laminating (W 
polycide layer) which put WSi two-layer on the Pori Si layer, the approach as shown in drawing 11 -13 
is learned (for example, refer to JP,7-94469,A). * ' — 

[0003] WSi [ after carrying out deposition formation of the Pori Si layer 3 and WSi two-layer 4 for the 
front face of a silicon substrate 1 one by one on wrap gate oxide 2 at the process of drawing 11 ] two- 
layer - the resist layers 5a-5d are formed by phot lithography processing on 4. The resist layers 5a and 
5b are arranged at big spacing in non-dense pattern space a, and arrange the resist layers 5b-5d at small 
spacing in dense pattern space b. 

[0004] At the process of drawing 12 , just etching is carried out so that thickness may become the value 
i Z6r ? u r ltS , near m non - dense P attern s P ace a about the Pori Si layer 3 and the laminating of WSi two- 
ayer 4 by plasma etching which uses F (fluorine) content gas (for example, S2F6 gas). Consequently 
WSi two-layer 4a-4d which has a pattern corresponding to the resist layers 5a-5d, respectively remains 
Moreover, in dense pattern space b, since an etch rate falls according to the so-called RIElag 
phenomenon (or micro loading effect), compared with etched section 3e of the Pori Si layer 3 in non- 
dense pattern space a, 3f of etched sections of the Pori Si layer 3 remains thickly 
[0005] At the process of drawing 1 3 , plasma etching which uses the mixed gas of Br content gas (for 
example HBr gas) and 02 gas performs over etching, and the etched sections in the Pori Si layer 3 such 
as 3e and 3f, are removed. Plasma etching using the mixed gas of Br system gas, such as HBr and 02 
gas has the high selectivity of the Pori Si layer 3 to gate oxide 2. The Pori Si layers 3a-3d which have a 
pattern corresponding to the resist layers 5a-5d as a result of over etching, respectively remain Since the 
resultant adhering to a pattern side attachment wall controls side etching of WSi two-layer 4a-4d and the 
Pori Si layers 3a-3d at the time of over etching, an anisotropy configuration can be given to laminatings 
such as 4a / 3a and 4b / 3b and 4c / 4d [ 3c and ]/3d. After over etching removes the resist layers 5 a-5d 
Laminatings, such as 4a/3 a, are used as a gate electrode thru/or a wiring layer 

[0006] Conventionally, as a wiring forming method using W layers, the approach as shown in drawing 

14 -16 is proposed. ~^ 

[0007] At the .process of drawing 14 , 8 [ W-layer ] is formed for the front face of the semi-conductor 
substrates 6, such as silicon, on the insulator layers 7, such as wrap silicon oxide. And W layers on 8 
the resist layers 9a and 9b are made to approach mutually, and are formed 
[0008] At the process of drawing 15 , just etching is carried out so that W layers of thickness may 
become the value of zero or its near about 8 by plasma etching which uses SF6 as F content gas in a 
resist non-existence region larger than spacing between resist layer 9a and 9b. Consequently while W 
ayer 8a corresponding to the resist layers 9a and 9b and 8b remain, respectively, between 8a and 8b W 
layers thin W layer 8c remains according to a RIElag phenomenon 

[0009] It continues at the process of drawing 15 , the same plasma etching as the process of drawing 15 
performs over etching, W layer 8c is removed, and W layers 8a and 8b are made to remain at the process 
of drawing 16 . Then, the resist layers 9a and 9b are removed. W layers 8a and 8b are used as a wiring 
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0010] In order to perform anisotropic etching, in drawing 15 and the plasma-etching process by SF6 of 
16, it is necessary to make high energy of the ion which carries out incidence to a substrate or to make 
temperature of a substrate low. Moreover, the method of controlling side etching with a resultant and 
securing an anisotropy configuration is also proposed. For example, controlling side etching by WN 
which is a resultant is shown to JP,7-147271,A by by etching W layers into SF6 with the plasma of the 
gas which added N2 and NH3. The approach of etching W layers also into JP, 10-326774 A with the 
plasma of the gas which added CHF3 and N2 in SF6 is shown. The bottom of W layers is covered with 
the tilm of Ti or Ti compound, and controlling side etching by the titanium fluoride of low vapor 
pressure generated at the reaction of F and Ti which are etching active species is shown in JP 7- 
169744, A. ~ ' 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, since according to this invention bromine content gas (or 
iodine content gas) is added to this mixed gas, over etching of W system electric conduction material is 
performed and it was made to perform dry etching of the Pori Si monolayer after this after carrying out 
just etching of the W system electric conduction material layer by the dry etching which makes etching 
gas the mixed gas of chlorine-based gas and oxygen gas, an etching damage can be mitigated securing 
an anisotropy configuration and the effectiveness that the yield improves is acquired 
[0050] Moreover, since bromine content gas (or iodine content gas) is added to this mixed gas and it was 
made to perform over etching of W system electric conduction material after carrying out just etching of 
the W system electric conduction material layer by the dry etching which makes etching gas the mixed 
gas of chlorine content gas and oxygen gas, etching of a substrate insulator layer can be controlled 
securing an anisotropy configuration, and the effectiveness that the yield improves is acquired 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. • 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] According to the approach of drawing 11-13 it is easy to 
produce an etching damage on a substrate. That is, at the over etching process of drawing 13 although 
the selection ratio of the Pori Si layer 3 to gate oxide 2 is high as mentioned above, since it etches with 
the plasma of fluorine system gas, the selection ratio of the Pori Si layer 3 to gate oxide 2 is low and 
gate oxide 2 may be etched by the just-etching process of drawing 12 . Before the thickness of the Pori 
hi layer 3 becomes zero, it is necessary to make production control severe, in order to prevent this so 
that just etching may be stopped. Moreover, since the gate section containing gate dielectric film 2 is 
exposed to the plasma at the time of just etching of drawing 12 , and the over etching of drawing 13 it 
tends to receive the damage by the ion bombardment. ' 
[0012] On the other hand, since it etches with the plasma of fluorine system gas according to the 
approach of drawing 14 -16, the selection ratio of W to the silicon oxide which constitutes an insulator 
layer 7 is low, and as shown in drawing 16 , W layers of insulator layers 7 are etched in the side of 8a 
and 8b in the case of over etching. For this reason, there is un-arranging [ to which a wiring level 
difference becomes large ]. 

[0013] The.purpose of this invention is to offer the new dry etching approach which can mitigate an 
etching damage, securing an anisotropy configuration. 
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MEANS 



[Means for Solving the Problem] The 1st dry etching approach concerning this invention The process 
which forms the laminating which put the tungsten system electric conduction material layer for the 
substrate on the polish recon layer on the wrap insulator layer, The process which two or more resist 
layers are made to approach mutually, and forms them on said tungsten system electric conduction 
material layer, By the dry etching which makes etching gas the mixed gas of chlorine content gas and 
oxygen gas, and uses said two or more resist layers as a mask The process which etches said nlngsten 
system electric conduction material layer so that the thickness may become the value of zero or its near 
in a resist non-existence region larger than spacing between said two or more resist layers By the drv 
etching which makes etching gas the mixed gas which contains bromine content gas or iodine content 
gas, and oxygen gas at least, and uses said two or more resist layers as a mask The process which forms 
two or more tungsten system electric conduction material layers which have a pattern corresponding to 
said two or more resist layers, respectively by removing the tungsten system electric conduction material 
between said two or more resist layers, controlling side etching of said tungsten system electric 
conduction matenal layer with a resultant, By the dry etching which makes etching gas the mixed gas of 

b ™ZZ T 7 10 , dme C ° ntent gaS ' Chl0rine COntent S as ' and ox yS en § as > and ™es said two or 
more resist layers and said two or more tungsten system electric conduction material layers as a mask 
The process which forms two or more polish recon layers which have a pattern corresponding to said 

T St y f S i res f ectivel y is inc,uded b y rem ™ng said polish recon layer alternatively 
[0015] According to the 1st dry etching approach, after carrying out just etching of the W system 
elecmc conduction matenal layer of W and WSi2 grade by the dry etching which makes etching gas the 

^JZumftf^TT"! , C12 §rade ' ^ 02 ^ br ° mine C ° ntentgaS (° ri ^co 8 ntent 
gas) such as HBr, is added to this mixed gas, over etching of W system electric conduction material is 
performed, and dry etching of the Pori Si monolayer is performed after this. In over etching, by setting 
up the flow rate rate of 02 gas highly, the selection ratio of W system electric conduction material to 
Fori Si can be made high, and it becomes possible to remove W system electric conduction material 
alternatively. Moreover, it can etch in over etching, securing an anisotropy configuration about W 
system electric conduction material by setting the flow rate rate of bromine content gas (or iodine 

^dfi A?^1^ d VaIUe> Furthe u rm0re ' SinCe jmt CtChing md 0ver etchin § « Permed in 
he condition that the Pon Si layer exists on the insulator layer as substrate film, the substrate film 

Sg d^Ige ] " ^ "* 6XP ° Sed * bombardment > md become mitigable [ an 

[0016] The process at which the 2nd etching approach concerning this invention forms a tungsten 
system electric conduction material layer for a substrate on a wrap insulator layer, The process which 
two or more resist layers are made to approach mutually, and forms them on said tungsten system 
electric conduction matenal layer, By the dry etching which makes etching gas the mixed gas of 
chlorine content gas and oxygen gas, and uses said two or more resist layers as a mask The process 
le vl?J f S SySt6m deCtric conduction ma *rial layer so that the thickness may become 

the value of zero or its near in a resist non-existence region larger than spacing between said two or 
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more resist layers, By the dry etching which makes etching gas the mixed gas of bromine content gas or 
iodine content gas, chlorine content gas, and oxygen gas, and uses said two or more resist layers as a 
mask By removing the tungsten system electric conduction material between said two or more resist 
layers, controlling side etching of said tungsten system electric conduction material layer with a 
resultant The process which forms two or more tungsten system electric conduction material layers 
which have a pattern corresponding to said two or more resist layers, respectively is included 
[0017] According to the 2nd dry etching approach, after carrying out just etching of the W system 
electric conduction material layer of W and WSi2 grade by the dry etching which makes etching gas the 
mixed gas of the chlorine content gas of C12 grade, and 02 gas, bromine content gas (or iodine content 
gas), such as HBr, is added to this mixed gas, and over etching of W system electric conduction material 
is performed. Also in any of just etching and over etching, since the mixed gas of chlorine content gas 
and 02 gas is used as etching gas, the selection ratio to the silicon oxide which constitutes the insulator 
layer as substrate film can improve, and etching of the substrate film (insulator layer) can be controlled 
Moreover in over etching, since side etching of W system electric conduction material is controlled by' 
addition of bromine content gas (or iodine content gas), a good anisotropy configuration can be 
acquired. 
[0018] 

[Embodiment of the Invention] Drawing 1 -3 show the wiring forming method concerning 1 operation 
gestalt of this invention. v 
[0019] At the process of drawing 1 , the gate dielectric film 12 which consists of silicon oxide by the 
oxidizing [ thermally ] method etc. is formed in the front face of the semi-conductor substrates 10 such 
as sUicon. a gate-dielectric-film 12 top - CVD (chemical vapor deposition) - deposition formation of 
tiiePon Si layer 14 and WSi two-layer 16 is carried out one by one by law etc. The Pori Si layer 14 and 
WSi two-layer 16 are for forming a gate electrode thru/or a wiring layer, and the Pori Si layer 14 is 
tormed into low resistance by doping of a conductivity-type decision impurity 
[0020] On WSi two-layer 16, the resist layers 18a-18d are formed according to desired gate electrode 
and circuit pattern by well-known phot lithography processing. The resist layers 1 8a and 1 8b are 
arranged at big spacing in non-dense pattern space A, and arrange the resist layers 18b-18d at small 
spacing in dense pattern space B . 

[0021] plasma etching which uses the mixed gas (C12/02 gas) of C12 gas and 02 gas at the process of 
drawm S 2 " WSl two-layer - just etching of 1 6 is carried out so that thickness may become the value of 
zero or its near in non-dense pattern space A. Etching at this time was performed using the ECR 
(electron cyclotron resonance) mold plasma etching system of drawing 4 as an example, and etching 

[0022] WSi two-layer 16a-16d which has a pattern corresponding to the resist layers 18a-18b as a result 
ot just etching, respectively remains. Moreover, in dense pattern space B, since an etch rate falls 
according to a PJEIag phenomenon, while WSi two-layer 16e and comparatively thin 16f are between 
ZtTJ^* 16b and 16C *** WSi two " la y er 16c > ^ 16d > it remains, respectively 
[0023] Then plasma etching using HBr/C12/02 gas which added HBr gas in C12/02 gas performs over 
etching, and WSi two-layer 16e and 16f are removed. Etching at this time was performed using the 
etching system of drawing 4 as an example, and etching conditions were set to pressure" lmTorr 
microwave power: 1 000W high-frequency power: 50W quantity-of-eas- 
flow:HBr/C12/O2=8.5/21.5/20sccm. 

[0024] In over etching, 02 flow-rate rate was made high for making high the selection ratio of WSi2 to 
Pori Si, and making easy WSi two-layer removal of 16e, 16f, etc. Thus, in C12 / 02 etching process that 
02 flow-rate rate is high W is set to WOC14 with high vapor pressure, a WSi two-layer 16a-16d side 
attachment wall is etched (side etching), and a WSi two-layer 16a-16d anisotropy configuration is 
spoiled. So, it etches at the time of over etching, controlling side etching, adding HBr in C12/02 eas 
making low WOBr4 and low WBr5 of vapor pressure generate, and forming a protective coat in a WSi 
two-layer 16a-16d side attachment wall. Consequently, a WSi two-layer 16a-16d anisotropy 
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configuration is secured. Moreover, since just etching and over etching are performed in the condition 
that the Pon Si layer 14 exists on gate dielectric film 12, gate dielectric film 12 is etched or it is not 
exposed to an ion bombardment, and an etching damage is mitigated. 

[0025]At the process of drawing 3 , the Pori Si layer 14 is alternatively etched by plasma etching which 
uses HBr/C12/02 gas by using the resist layers 18a-18d and WSi two-layer 16a-16d as a mask This 
etching was performed using the etching system of drawing 4 as an example, and etching conditions 
were set to pressure:2mTorr microwave power: 1000W high-frequency power:35W quantity-of-gas- 
flow:HBr/C12/O2=100/5/5sccm. As other examples of etching conditions, what does not use the 
chlorine content gas of C12 grade is possible, and it can be referred to as microwave power- 800- 1500W 
and quantity-of-gas-flow:HBr/02= 1 00/5sccm. 

[0026] The Pori Si layers 14a-14d which have a pattern corresponding to the resist layers 18a-18d as a 
result of the selective etching of the Pori Si layer 14, respectively remain. At the time of Pori Si etching 
since resultants, such as SiOx and SiBrx, control side etching of WSi two-layer 16a-16d and the Pori Si 
layers 14a- 14d, a good anisotropy configuration can be given to laminatings, such as 16a / 14a and 16b / 
11 ^ 16 c° ' l6 t [ 14c and ]/14d Com P ared with WSi2, Pori Si has little RIElag and it tends to etch it 
After Pon Si etching removes the resist layers 18a-18d by well-known ashing processing WSi2/Pori Si 
laminatings, such as 16a/14a, are used as a gate electrode thru/or a wiring layer. 
[0027] The artificer conducted various experiments on the high point which can be setup using the 
etching system of drawing 4 paying attention to the selection ratio of WSi [ on etching of WSi2 / Pori Si 
rn m oof^ g ^ P ol y cide la y er >> and as 0 PP os ed to Pori Si in plasma etching which uses C12/02 gas 12 
[0028] The processing room 20 consists of plasma room 22a and reaction chamber 22b in the equipment 
of drawing 4 . The sample base (electrode) 24 is established in the pars basilaris ossis occipitalis of 
reaction chamber 22b, and the processed wafer 26 is laid in the top face of the sample base 24 
[0029] RF generator 28 is connected to the sample base 24, for example, the high-frequency power 
which is 13.56MHz is supplied to it. Reaction chamber 22b is connected to Exhauster VAC while 
connecting with the source of gas supply which is not illustrated. 

[0030] The 2.45GHz microwave MW is supplied to the upper part of plasma room 22a through the 
microwave installation aperture 30 from the microwave power source which is not illustrated An 
aperture 30 usually consists of quartzes. The solenoid coil 32 is formed so that the upper part of the 
processing room 20 may be surrounded. 

[003 1] Etching of WSi2 and Pori Si is performed with the plasma of C12/02 gas using the etching 
system of drawing 4 , and the result of having investigated 02 flow-rate rate dependency of WSi2 / Pori 
Si selection ratio is shown in drawing 5 . The 1 st sample group containing nine samples which carried 
out deposition formation of the WSi two-layer through the silicon oxide film on the silicon substrate 
and the 2nd sample group containing nine samples which carried out deposition formation of the Pori Si 
layer through the silicon oxide film on the silicon substrate were used for the experiment. The diameter 
of each silicon substrate was set to 200mm. It etched by inserting each sample as a processed wafer 26 
into the etching system of drawing 4 . Etching conditions were set to pressure: lmTorr microwave 
power.T400W high-frequency power:50W quantity-of-gas-flow:C12+O2=50sccm 
[0032] About nine samples in the 1st sample group, 02 flow-rate rate was changed like 0 10 20 22 24 
26 28, and 30 or 40%, and it asked for the etch rate of WSi2 for every sample. Line P shows the 'result ' 
in drawing 5 . Moreover, about nine samples in the 2nd sample group, 02 flow-rate rate was changed 
like the case of the 1st sample group, and it asked for the etch rate of Pori Si for every sample Line O 
shows the result in drawing 5 F v 

[0033] WSi2 / Pori Si selection ratio was computed by asking for the ratio of the etch rate of the etch 
rate / Pon Si of WSi2 for every sample with same 02 flow-rate rate by the 1st sample group and the 2nd 
sample group. Line R shows the result in drawing 5 . F * p ' - 

[0034] If the flow rate rate of 02 is made 30% or more according to the experimental result of drawing 
5 , it turns out that it becomes the process conditions into which only WSi2 is etched mostly mlhTover 
etching of drawin g 2 , since the flow rate rate of 02 was made into 40%, WSi two-layer which remained 
to the narrow tooth space, such as 16e and 16f, is efficiently removable. Consequently, the pattern 
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dependency of an etch rate based on the RIElag phenomenon of WSi2 is cancellable 
[0035] Drawing 6 shows the result of having investigated the HBr flow rate rate dependency of the 
amount of WSi2 side etching in plasma etching which uses HBr/C12/02 gas. Four samples which 
formed the WSi2/Pon Si laminating (W polycide layer) through the silicon oxide film on the silicon 
substrate with a diameter of 200mm were used for the experiment. As shown in dense pattern space B of 
drawingj. , according to Rhine / tooth-space =1.0/ 0.6-micrometer pattern, many resist layers were 
installed in each sample side by side. Thus, it etched by inserting each sample which prepared the resist 
layer as a processed wafer 26 into the etching system of drawing 4 . Etching conditions were set to 
pressure: lmTorr microwave power: 1400W high-frequency power:50W quantity-of-gas- 

7'?^^ CC c- O2=20sccm - Here > the 02 Aerate percentage is 40% which becomes 
infinite [ WSi2 / Pon Si selection ratio 1 bv drawing I 

[0036] About four samples, HBr was changed like 0, 10, and 20 or 30% among C12+HBr(s) and the 
amount S of side etching of WSi2 (micrometer) was calculated for every sample. The amount S of side 
etching can be calculated as width of face Wbot measured on the width-of-face Wtop-base measured by 
S- top face so that it might illustrate about WSi two-layer 16a to drawing 7 . S< 0 expresses a forward 
Spectivefy 6 ° gUratl ° n ' S> ° ex P resses a side etch configuration (back taper configuration), 

Ko/ 37 ^ 0 ? 118 10 the ex P erimental result of drawing 6 , it turns out that side etching serves as zero at 
17/o of HBr flow rate rates, and a perpendicular anisotropic etching configuration is acquired. However 
by Rhine / ooth-space pattern, if it is made the conditions of 17% of HBr flow rate rates although a ' 
perpendicular configuration is acquired, since a lot of resultants adhere to a side attachment wall it will 
become a forward tapered shape configuration in isolated Rhine 

f!^r^/m e Pr ° CeSS ° f d ™f 2 ; since lt was made t0 P erf °™ j^t etching by plasma etching which 
uses C12/02 gas, generating of the forward tapered shape configuration in isolated Rhine which 
happened in HBr/C12/02 process can be prevented. Keeping high the selection ratio of WSi2 to Pori Si 
since it was made to perform over etching of WSi2 using HBr/C12 / 02 gas plasma-etching process of ' 
high 02 flow rate, etching removal only of WSi2 which remained to the narrow tooth space can be 
rn^m ^ ' moreover ' the addition effectiveness of HBr can protect side etching of WSi2 
inve^nti on raWing ^ ^ Wlring forming method concernin g other operation gestalten of this 
[0040] At the process of drawing 8 , 44 [ W-layer ] is formed for the front face of the semi-conductor 
subsfrates 40 such as silicon, by a spatter etc. on the insulator layers 42, such as wrap silicon oxide. And 
on 44, according to a desired circuit pattern, the resist layers 46a and 46b are made to approach 
mutually, and are formed W layers. 

[0041] At the process of drawing 9 , just etching is carried out so that W layers of thickness may become 
the value of zero or its near about 44 by plasma etching which uses C12/02 gas in a resist non-existence 
region larger than spacing of the resist layers 46a and 46b. Etching at this time can be performed on the 
same conditions as just etching stated by drawing 2 . While W layer 44a corresponding to the resist 
kyers 46a and I 46 b and 44b are obtained as a result of just etching, respectively, between 44a and 44b 
W layers thin W layer 44c remains according to a RIElag phenomenon 

[0042] Plasma etching using HBr/C12/02 gas which added HBr in C12/02 gas performs over etching W 
layer 44c is removed, and W layers 44a and 44b are made to remain at the process of drawing 10 
Etching at this time can be performed on the same conditions as the over etching stated bv drawing 2 
After over etching removes the resist layers 46a and 46b by ashing processing etc. W layers 44a and 44b 
are used as a wiring layer. " 

^Tnlfl^rT^ et ? ng P. ro L cessin 8 of 10 > since C12/02 gas is used as etching gas, the selection 
ratio of W to the silicon oxide which constitutes an insulator layer 42 improves. Therefore increase of 
film decrease of an insulator layer 42 or a wiring level difference can be prevented. Moreover in the 
over etching of drawin g 10 , since W layers of side etching of 44a and 44b are controlled by addition of 
3 f ff n degradation (back taper configuration etc.) of W layers can be prevented 
[U044J As tor the wiring forming method described above about drawing 8 -10 ; the W layers of the 
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operation effectiveness same with having used WSi two-layer, having carried out and having described 
above are acquired instead of 44. 

[0045] This invention is not limited to the above-mentioned operation gestalt, and can be carried out 
with various alteration gestalten. For example, the following modification is possible. 
[0046] (1) As a W system electric conduction material layer, W and not only WSi2 but W alloy may be 
used. As tungsten silicide, not only a stoichiometry-thing but a nonstoichiometric thing may be used like 
WSi2, and, generally it is usable in WSix. 

[0047] (2) As bromine content gas, not only HBr but Br2, BBr3, CBr4, and SiBr4 grade may be used 
mat is necessary is just to set up the addition of the gas of Br2 grade so that it may become the case of 
HBr which the amount of Br atom which exists in the plasma showed with said operation gestalt and an 
EQC. Moreover, the iodine content gas of HI, 12, BI3, CI4, and SiI4 grade may be used instead of 
bromine content gas. About gas, such as HBr or HI, or 02 gas, the optimum value of an addition is that 
(tor example, it is dependent on the membrane formation approach, the processing conditions after 
membrane formation, membrane formation equipment, etc.) depending on the membraneous quality of 
the etched film, and adjusting for every etched film is desirable. 

[0048] (3) When carrying out dry etching of the W system electric conduction material layer 
antireflection films, such as TiN and TiON, may be beforehand prepared on W system electric 
conduction material layer. Moreover, WN layer etc. may be made to intervene between W system 
electric conduction material layer and the Pori Si layer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the substrate sectional view showing the resist layer formation process in the wiring 
torming method concerning 1 operation gestalt of this invention. 

^ r u awin g 2 J 11 i£ ' th , e ^bstrate sectional view showing WSi two-layer the just-etching process and over 
etching process following the process of drawing I . 

towhj&3j It is the substrate sectional view showing the Pori Si layer etching process and resist layer 
removal process following the process of drawing 2 . 

[Drawing 4] It is the sectional view showing the plasma etching system used for implementation of this 
invention. 

[Drawing 5] It is the graph which shows 02 flow-rate rate dependency of the selection ratio fWSi2/Pori 
Si) in plasma etching using C12/02 gas. ^ 
[Drawing 6] It is the graph which shows the HBr flow rate rate dependency of the amount of WSi2 side 
etching in plasma etching using HBr/C12/02 gas. 

Pgwing 7 J & is the sectional view showing the WSi two-layer side etching situation in WSi2/Pori Si 
laminating etching. 

[Drawing 8] It is the substrate sectional view showing the resist layer formation process in the wiring 
torming method concerning other operation gestalten of this invention 

[Drawing^ It is the substrate sectional view showing the just-etching process of W layers following the 
process of drawing 8 . e 

S d^n^ Q 11 ^ SUbStrate sectional view showin g th e over etching process following the process 

[Drawing 11] It is the substrate sectional view showing the resist layer formation process in an example 
of the conventional wiring forming method. P 
[Drawing 12] It is the substrate sectional view showing the just-etching process of WSi2 / Pori Si 
laminating following the process of drawing 1 1 . 

[Drawing 13] It is the substrate sectional view showing the over etching process and resist layer removal 
process following the process of drawing 12 . 

[Drawing 14] It is the substrate sectional view showing the resist layer formation process in other 
examples of the conventional wiring forming method. 

[Drawing 15] [It is the substrate sectional view showing the just-etching process of W layers following 
the process of drawing 14 . 5 
ffimgjglt is the substrate sectional view showing the over etching process following the process 
[Description of Notations] 

40 *™- condu «™ substrate, 12, 42:insulator layer, 14, the Pori Si layer, 16:WSi two-layer 18a-18d 
46a, 46b: A resist layer, 44:W layers. ' ' 
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